Caucasians from conditions such as stroke, heart disease, and diabetes mellitus. 1 Minority populations also have higher visual morbidity from glaucoma and diabetic retinopathy. 2, 3 Some of these differences may be attributable to patient risk factors, such as differences in genetics or nutrition. However, studies have shown that racial and ethnic minorities have less access to regular health care than their white counterparts. In rural areas, for example, the increase in the number of rural health clinics and Federally Qualified Health Centers between 2000 and 2011 in a given area was inversely related to the percentage of minority patients living in the area. 4 Research suggests that one potential solution to addressing health disparities is to increase the number of minority physicians in the United States. 5 Minority physicians may be more likely to enter primary care specialties and practice in rural/ underserved areas where need is the greatest. 5 Additionally, evidence suggests that increasing the number of minority trainees in medical schools can increase cultural competence and sensitivity of the entire student body, teaching them to better care for patients of different races and ethnicities. 5 It is thus important to increase recruitment of minority students to medical fields. Doing so can be a challenge, as a disproportionate number of minority students grow up in educational environments that lack resources and role models with whom they can identify. 6 Pipeline programs to increase exposure to science, technology, engineering, and mathematics (STEM) careers for minority populations have become a common initiative to increase minority physician recruitment. 7 We believe that the efficacy of these pipeline programs can be improved by increasing utilization of near-peer teaching. Near-peer teachers are not professional teachers and have recently learned the material that they themselves are teaching. 8 Studies demonstrate that students find it easier to learn from near-peers, who, as a result of having recently learned the material, may be more sensitive to some of the barriers learners need to overcome. 9 Students also express feeling better able to communicate with near-peers compared with older mentors. 9 Studies have also shown that tutors in nearpeer teaching programs feel they develop professional attributes important to their future careers, including teaching/feedback techniques, leadership qualities, and ability to admit uncertainty. 9,10 Near-peer teachers believe that their understanding of content is improved by teaching others. 10 Thus far, near-peer teaching has been implemented most robustly in the medical school setting, with upperclassmen medical students teaching lowerclassmen medical students. There is little in the literature about nearpeer teaching between medical/graduate students, undergraduate students, and high school students. We hoped that creating a near-peer teaching experience would raise awareness of medicine and specifically ophthalmology as potential career paths for the high school students. We also aimed to increase the near-peer teachers' knowledge base of ophthalmology and eye health, as well as their enthusiasm for teaching and pursuing ophthalmology as a career path.
Approach
We developed an educational initiative comprising a day of ophthalmology outreach for minority students from New Haven public high schools. The high school students were participants of the Yale University Pathways to Science program, which aims to increase exposure to STEM fields through lectures and hands-on experiences at Yale University. Objectives were to: (1) model near-peer teaching across several levels of training; (2) increase students' knowledge of and interest in ophthalmology and medicine as a possible career goal; and (3) increase near-peer teachers' consideration of ophthalmology or another area of health care as a career path.
In our model, 21 volunteers from Yale University's undergraduate, graduate, and professional schools from a variety of ethnic backgrounds including African American, Native American, Chinese, South Asian, and Caucasian were trained to be near-peer teachers. This group consisted of nine undergraduates, nine medical students, one public health student, one nursing postgraduate fellow, and one ophthalmology resident. Each near-peer teacher was assigned to one of three stations and attended training for the assigned station. Training was provided by ophthalmology faculty, residents, and senior medical students. Only the faculty, three senior medical students, and the ophthalmology resident had prior exposure to the material they would be teaching before the training sessions. The other near-peer teachers had not been previously exposed to the material. A senior faculty member developed the curriculum that would be used at all three stations and trained the near-peer teachers for their station with the help of the three senior medical students, who were the leaders at their respective stations. The near-peer teachers' training also included techniques on how to best engage high school students.
The educational outreach day started with introductory remarks and a welcome by the Pathways to Science organizer, followed by a talk by a minority faculty member about his/her path to a career as an academic retinal surgeon, with an emphasis on resilience, the challenges of perceived failures along the way, and coping with setbacks while continuing to pursue her/her career goals. After the presentation, the students were divided into three groups. Each group rotated through three 30-minute stations. Each station focused on a different aspect of ophthalmology with hands-on experience (see ►Table 1 for description of each station.) At all three stations, senior medical students assisted near-peer teachers by answering student questions that the near-peers may not have been able to answer. Additionally, the curriculum developer and an additional faculty member were available to the senior medical students if they needed support. Following rotation through all three stations, students returned to the large group space where a panel discussion led by the four graduate students from the Yale University League of Black Scientists focused on each panelist's journey to graduate school in science. The panelists also answered questions that the students had written anonymously prior to the session. All near-peer teacher participants had lunch with the students, after which a brief wrap-up ended the day.
To evaluate attainment of our desired outcomes and obtain feedback on the educational activities, we administered a pre-and postsurvey to all high school participants. Institutional review board approval was not needed as the survey was used to elicit feedback an educational intervention. The survey contained: multiple-choice questions assessing knowledge; Likert-style questions assessing student interest in science, medicine, and ophthalmology; and qualitative questions assessing student perceptions and experiences with the training. Quantitative data were analyzed using descriptive statistics and pairwise t-tests to compare differences in knowledge and interest levels before and after the training. Qualitative analysis was conducted by independent coding and consensus sessions among the authors to determine thematic qualitative findings. Near-peer teachers completed a postsurvey assessing the impact that participating in the program had on their future career goals. Qualitative analysis, using the above approach, was completed on these survey responses.
Outcomes
Thirty-one high school students participated in the outreach program and 27 completed the pre/postsurveys. Participant demographics are listed in ►Table 2.
There was a significant increase in average number of correct responses to knowledge assessment questions, from 2.3 on the presurvey to 5.4 (p < 0.0001) on postsurvey at the end of the day (►Fig. 1).
Average interest in the eye increased significantly from pre-to posttest (3.1 to 3.5 on a 5-point Likert scale in which 5 was the most desirable response; p ¼ 0.037). Average interest in ophthalmology increased significantly from 2.6 to 3.1 (p ¼ 0.043). Average confidence identifying eye structures increased significantly from 2.4 to 3.7 (p < 0.0001). Average interest in careers in science and medicine did not increase significantly (►Fig. 2).
From a qualitative standpoint, students expressed their enjoyment of the day and the utility of having near-peer teachers. These comments are representative:
• "My favorite part was meeting all the students here at Yale." • "I actually want to study the eye now."
• "I liked that it was not too awkward."
Among the near-peer teachers, postsurvey qualitative analysis demonstrated themes of learning how to communicate difficult concepts to high-schoolers. For example, teachers wrote:
• "Teaching helped me to learn different strategies for explaining dense and difficult material to younger or less knowledgeable students." • "You taught me to keep asking questions of the students in order to let them keep thinking."
Teachers also cited the outreach day as a "valuable opportunity to connect with students and give them advice on school/pursuing a career in science."
Beyond the benefits gained from learning to teach to nearpeers, teachers also expressed the benefits of receiving increased exposure to the fields of medicine and ophthalmology. Respondents wrote:
• "Met a lot of new ophthalmologists and got exposed to teaching in the field." Learn major structures of the eye and their functions with regard to vision 2 Introduction to and use of slit lamp (1 near-peer teacher:4 students); each student practices on fellow students and views conjunctival vessels, corneal layers, and crypts within the iris Learn value of slit lamp in identifying healthy and pathological eye structures; learn basis of how slit lamp operates, including how slit beam allows for estimation of depth to examine different parts of the eye 3 Use iPad app (EyeSim, authored by Dr. Anuradha Khanna of Loyola University Medical Center) and prisms to examine eye movement and pathology that cause eye misalignment and double vision (1 near-peer teacher:3 students); also, senior medical student leads students in interaction with a three-dimensional virtual reality version of the iPad app with holographic display to further display eye movement pathology Explore extraocular muscles of the eye and learn how each muscle moves the eye and the importance of synchronization to allow eyes to work together for binocular vision; understand concept of double vision and normal and pathological eye movement • "I learned how to use the slit lamp which was very cool, and I got to learn about what it's like to be a medical student at Yale." • "I appreciated the time spent to train me on how to dissect the cow eyes." • (From a Chinese exchange student): "The best achievement of this activity for me is [that it] drives me [to think] about how to inspire Chinese high school students to consider medicine and science as a career path."
All undergraduate and graduate student teachers who participated in the outreach day agreed or strongly agreed with the following statements:
• "I am more likely to consider a career in medicine or ophthalmology after teaching during outreach day." • "Teaching during the ophthalmology outreach day helped me to envision myself in a career in medicine or ophthalmology."
Medical students tended to agree that teaching in the program helped them envision how medical education would fit into their future careers and made them more likely to consider careers in ophthalmology.
Next Steps
We demonstrated achievement of desired outcomes for both high school students and near-peer teachers. The hands-on experience and direct engagement of students with nearpeer teachers allowed high school students to receive valuable mentorship from those who were in their position not long ago. The diverse backgrounds of the near-peer teachers served as a venue for the high school students to connect with the teachers and imagine themselves as part of the medical and scientific community. Beyond the positive impact of the mentorship provided by the near-peer teachers, our results indicate that near-peer teaching show promise as an effective method for student learning and for inspiring both teachers and learners to consider careers in medicine or a specific specialty. Given the positive outcomes, we believe this model may be effective in increasing minority physician recruitment. A limitation of our assessment was the small sample size of high school students and nearpeer teachers who participated. However, our goal was to first demonstrate the approach with this small number, as well as to collect preliminary information about achievement of outcomes. In this sense, our approach was We plan to continue this program on an annual basis and expand it to include a summer course on optics and ophthalmology over several days. These expanded programs will offer an opportunity for inner city high school students to increase their knowledge in applied science, optics, and ophthalmology and offer them greater contact with their near-peer teachers. Although there was not a significant increase in interest in science and medicine following our program, our data may have been limited by self-selection of the students participating in the Yale University Pathways to Science program as these students likely already have interest in science and medicine. In the future, we plan to incorporate another station involving a case of a patient who is blind so that the high school students can experience patient interaction. We also plan to more thoroughly evaluate the impact of the program on the nearpeer teachers and their career path decisions. In addition to the possibility of attracting future physicians to the field of ophthalmology, we believe that our program may be a model for other medical specialties who may want to similarly increase numbers of minority physicians.
